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(54) An electrosurgical generator and system 

(57) An elecuosurgical system including an elec- 
trode assembly havkig two electrodes tor use immersed 
in an eleciricaSy conductive nuid has a generator vnth 
control circuitry lor rapidly reducing the delivered radio 
frequency output power by at least 50% within approx- 
imalely lOOjis. corresponding to the time needed for a 
few cycles ol the peak radio trequefwry output voltage to 
reach a pre determined threshold limit. In this way. tis- 
sue coagulation can be performed in. for example, sa- 
line without significant steam generation. 

The same peak voltage limitation technkfue is used 



in a tissue vaporizatton or cutting mode to limit the size 
of the staam pocket at the electrodes and to avoM elec- 
trode burning. 

The output power reduction is abta'ned by "on time 
control' (70) by producing a signal synchronous with the 
RF osdUator, thereby reducing progresseivety the 'con- 
ductkxi slate" oime gate (BO) whfch connects the power 
supply with the osdBalor. Swttch mode power supply 
(66) can itseB vary its output voltage as a function ol 
signal (66) from the controDer (72). the speed of varla- 
tkx) however will be much stower than the one produced 
by *ON* time control mechanism. 
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Description 

This invention relates to an electrosurgtcal genera- 
tor for delivering an electroeurgtcat current particularly 
but not exclusively in intracavitary endoscopic electro- 
surgery. The invention also relates to an electrosurgical 
system comprisirig the combination of a gerterator and 
an electrode assembly. The teim 'intiacavitafy' is used 
in this specification to der)0te electrosurgery In which 
living tissue is treated by least invasive surgical access 
to a body cavity. This may involve "underwater electro- 
surgery*, a term defK)ting that the surgery is perlormed 
using an electrosurgical instniment with a treatment 
electrode or electrodes immersed in liquid at the oper- 
ation site. The invention has particular appOcalion in the 
fields of urology, hysteroscopy and arthroscopy. 

Intracavitary endoscopic electrosurgery is useful tor 
treating tissue bn anatomical or surgically created cavi- 
ties of the body which can be accessed mettKxls h' 
vexing minfonal trauma to the patient, be this through a 
natural body passage or one created artificially. The 
cavity Is distended to provide space for gaining access 
to the operation site to Improve visualisation and to allow 
for manipulation of instruments. In low volume body cav- 
il ies, particularly where it is desirable to distend the cav- 
ity urKler higher pressure, liquid rather than gas is more 
commonly used due to better optical characteristics and 
because it washes blood away from the operative site. 
Conventionally, a non-electrolyte scrfution such as gly- 
cine is used as the fluid distension medium when elec- 
trosurgery is being used, glycine being electricaliy non- 
corxJuctive. 

The limited surgical access erKounlered during in- 
tracavitary endoscopic procedures makes the removal 
of tissue pieces derived from a typical electrosur^cal 
loop cuttbig electrode both difficult and tkne consumng. 
Vaporisation of tissue whereby the tissue is reduced to- 
smoke and waler vapour is a preferable technique in 
these situatKins, rather than the piecemeal removal of 
tissue. The products of vaporisation may be removed 
following dissdutkxi within a tk)ukl irrigating medium. 

With regard to undenwater endoscopic electrosur* 
gery, the applk^ants have found that it is possible to.use 
a conductive liquid medium such as normal saline in 
place of glycine. Normal saline is the preferred disten- 
sion medium in undenwater endosoopfc surgery when 
electrosurgery is not contemplated or a non-electrica] 
tissue effect such as laser treatment is t>elng used M- 
thoug^ normal saline (0.9%^ 1 SOmmo^ has an elec- 
trfeal conductivity somewtiat greater than that of most 
body tissue, it has the advantage that displacement by 
edisorptbn or extraivasation from the cpeiative site pro- 
duces Ihtle physiological effect and the so<alled water 
Intoxication effects otf glycine are avokJed. 

Effective etectrosurgk^l treatment of tissue iMiich 
is totally immersed in HqukI at the appikation site is dif- 
ficutt to achieve because the heat generated by the flow 
of electrical cunents in tioth the tissue being treated artd 



surrourKfing conductive Iquid tends to cause tXMling of 
the Rquid. The operating electrode is intenntttently sur- 
rounded by water vapour rather than Bquid. with conse- 
quent large variatkx^ 'm the electrkal impedance of the 

5 load presented to the generator supplying the etectro- 
surgical power to the electrode. Whilst this variation is 
mitigated by use of a non-conductive fiqukt, it canrK>t be 
eBmlnated entirely due to the release of body flukls at 
the operative site which elevates the electrical corxiuct- 

10 ancB of the Iqukf. Changes in tissue type also alter the 
toad impedance. These effects result in ditficurty in con- 
trolRng the electrosurgk:al output to produce consistent 
effects on the tissue being treated. As a result, high pow- 
ers are commonly empkjyed to overcome this perfbrm- 

'5 ance variaUon. 

Accordkig to a first aspect of this inventkxi. an elec- 
trosurgical generator tor supplying radio frequency pow- 
er to an electricat instrument, comprises a radio frequen- 
cy output stage having at least a pair of electrosurgk:al 

M output connectkms for the delivery of radk> frequency 
power to the instrument, a power supply coupled to the 
output stage for supplying power to the output stage, 
. and control circuitry including sensing means for deriv- 
ing a sensing signal representative of the radtof requen- 

2S cy peak output voltage devetoped across the output 
connections, wherein the output stage comprises a res- 
onant output circuit coupled to the output connections 
and a switching device coi^led to the resonant output 
circuit, and wherein the control circuitfy is operable to 

30 actuate the switching devk» to reduce the delveredra- 
dk> f requertcy power. The switching device is preferably 
connected between the resonant output circuit and one 
of a pair of supply rails of the power supply means, and 
connected so as to switch current repeatedly through 

9S the resonarn output circuit at its resonant frequency. In 
order to cause a control overshoot, in terms of the de- 
gree to which the delivered power is reduced when the 
output voltage reaches, the predetermined threshold, 
the control circuitry is so arranged and coupled to the 

^ switching devtee that it is capable of reducing the 'on' 
time of the switching device during indivkluai radk> tre- 
quency switching cycles sufficiently rapMly to cause a 
50% .reductk)n In delivered output power within 100 {is 
of the predetermined threshold having been reached. 

^ TNsaQows surgery to be performed in a conductive fhikJ 
fiekl. in particular in a saline solutnn. Large and rapkJ 
chartges in toad impedance can occur substantially 
without causing unwanted electrosurgtcal effects. For 
example, when it is desired to produce electrosurgical 

so desiccation, any increase in impedance due to vapori- 
sation of surrounding saline in the regton of an electrode 
of the instnment ^kh mig^tothenivise lead to unwant- 
ed arcing at the required power level for effective des- 
iccation can be largely prevented. When electrosurgical 

55 tissue cutting or tissue vaporisatton is required, output 
voltage Iknilation can be used to prevent electrode bum- 
ing arKVor excessive tissue vaporisation. 

The control circuitry may Include a control line feed- . 
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ing a first power reduction control sigrttd to the radio fre- 
quency output stage. The output stage, which may be 
a ra<fio frequency power osciBator. typtcalty has as the 
oscillating element a radio frequency power device, and 
in the preferred embodiment, the control drcuitjy is ar- 
ratfiged such that at least a 50% reduct ion in outp ut pow- 
er is bfought about in a period of less than 20^ after 
the output voltage reaches the predetermined threshold 
by reducing the period of conduction ol the device du ring 
individual cycles of the radio frequency output signal 
Such alteralion in the period of conduction is advanta- 
geously achieved independently of any variation in sup- 
ply voltage to the radio frequency power device, in prac- 
tice, the reduction in output power is brought about using 
a single control variable. i.e. the peak output voltage or 
peak-to-pea)i output voltage, independently of supply 
voltage and independently oftha delivered output power 
which varies according to the load impedance arwJ the 
supply voltage. Thus, triggering of a povwr reduction oc- 
curs at the same preset output voltage threshoU but at 
different output power and toad impedance values, ac- 
cording to circumstances. 

As an a(^nct to direct control of the radk> frequency 
output stage, the means for causing a reduction in out- 
put power may mcluda a further control line which is cou- 
pled to the power supply means, the control circuitiy be- 
ing arranged such that a second power redudksn signal 
is fed to the power supply means to effect a reduclton 
in the average power supply voltage supplied to the out- 
put stage. Typically, the rate of reduction of paumf due 
to towering of the power supply voltage is comparatively 
stow, but the combination of two means of control can 
produce a larger range of available output power levels. 

Thus, according toasecond aspect of the inventon, 
there is provkJed an electrosurgkal generator for sup- 
plying power to an electrosurgical kistrument, the ger^ 
erator comprising a radto frequency output stage mclud- 
ing a radto frequency power devk» and having at least 
a pair of olectrosurgteal output connectkxw for delivery 
of rad to f requer)cy power to the kistrument. a power sup- 
ply coupled.to the output stage, and control circuitry in- 
dudngsensktg means for derivktgasensktg signal rep- 
resentative of the toad knpedance across the output 
connections, the control cffcuitry havkig a first output 
coupled to the power devtoe to reduce the radto frequen- 
cy duty cycto thereof and a second output coupled to 
the power supply to effect a reduction in \he average 
power supply voltage supplied to the output stage, the 
sato reducttons occurring in response to the sensing sig- 
nal reaching a predetermtoed threshoto value. 

In the case of the power supply means bekig a 
switched mode power supply hawng output smoottwig 
components, the supply circuit may be arranged such 
that the secorxf power reductton control signal has the 
effect ol disabling the supply circuit, e.g. by gating the 
pulsed output. Accordtogly. a high-speed control re- 
sponse Is obtained with the supply voltage faltng rela- 
tively stowly after the kiitial step power reduction to en- 
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abte the radto frequency duty cycle ol the power devce 
to be tocreased agam. thereby aitowing further high- 
speed power reducttons if necessary 

The techmque of directly oontrolfing the radto f re- 
5 quency output stage can be performed by repeatedly 
producng. firstly, a rapkJ reductton h the cycle-by-cycle 
oonductton period of the power devtoe from a peak level 
to a trough level when the output threshoU is reached. 
foOowed by, secondly, a progressive ktcrease to the con- 
lo ductfon period untB the conductton period agato reaches 
its peak level, the radxj frequency output voltage l>eing 
monitored during the progressive increase. This rapid 
reduction arxj progressive increase sequence may be 
repeated untB the peak conductkxi period level can be 
IS reachedwilhouttheoutputvoltageexceedingthe output 
threshoU due to the supply voltage from the switched 
mode power supply having fallen sufftoienlfy s'nce itwas 
disabled Re-enabling of the supply circuit typically oc- 
curs after a delay, and conveniently at the end of the first 
20 switched mode switching cyde in whfch the output volt- 
age has not reached the threshoM for the whoto of the 
switching cycte. 

The output stage preferably tocludes an output res- 
onant circuit having a Q whfch is sutftoiently high to re- 
2S move switching noise from the switchirig device or de- 
vtoes of the stage without unduly stowing the response 
to the output voltage reaching the predetermined 
threshold. Typically, the Q is suffident to achieve a crest 
factor betow 1.5. the crest factor being the ratto the 
30 peak and r.m.s. values ol the output voltage wavefona 
Other aspects of the mventton toclude a generator 
for underwater electrosurgery having an output imped- 
ance in the range of from 100 ohms to 250 ohms, and 
preferably between 130 and 190 ohms. Such a gener- 
35 alor has its radto frequency output stage operabto to 
produce a CW (contnuous wave) output, i.e. with a 
100% duty cycle or without on/6ff pulse width moduta- 
tton at a frequency tower than the r.f. osdllation frequen- 
cy. In effect, the output stage may operate as an open 
40 toop stage with a power/toad impedance characteristic 
havtog a peak (preferably a single peak) at about 150 
to 1 60 ohms and with ttie curve decreasing conttouously 
with decreasing impedance be tow the peak and increas- 
ing impedance above the peak. 
45 The invention may also Include an eteclrosurgfcal 
generator for supplyirig racflo frequency powwr to an 
electrosurgtoal instnimontfor operatton in an elec*rically 
conductive flukJ medium, the generator comprising a ra- 
dto frequency output stage having a radto frequency 
so power devtoe and at least a pair of electrosurgtoal output 
connecttons for the delivery of radto f re<^ency power to 
electrodes, power supply means coupled to the output 
elage. and control drcuitiy indudtog sensing means tor 
deriving a sensing signal representative d the radto fre- 
ss querKy output voltage developed across the output con- 
nections, and means responsive to the sensing signal 
lor causifig a reduction in delivered output power when 
the sensing signal is indicative d a predetermined out- 
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put voltage threshold having been reached, wherein the 
control circuitry is arranged euch that the reduction in 
output power is effected by reducing the period ol con- 
duction of the device during individual cycles of radio 
frequency oscillation, preferably independently of the 
supply voltage to the device. 

According to another aspect of the Invention, an 
electrosurgical generator for supplying electrosurgical 
power to an electrosurgical instrument comprises a ra- 
die frequency output stage having at least a pair of elec- 
trosurgical output connections for the deitveiy of radio 
frequency power to the instrument, means coupled to 
the output stage for supp»ying power to the output stage, 
and control circuitry including sensing means for deriv- 
ing a sensing signal representative of the radio frequen- 
cy output voltage developed across the output connec- 
tions and means responsive to the sensing signal for 
causing at least a 50% reduction in delivered output 
power when the sensing signal is indicative of a prede- 
termined output voltage threshold having been reached, 
the said reduction being effected within a period of 20|is 
or less. 

The invention also includes an electrosurgical sys- 
tem including a generator for generating radio frequency 
power and an electrosurgical instmment having at least 
one electrode for use immersed in a cortductrve liquid, 
wherein the generator comprises an output stage in- 
cluding a radb frequency power device and: at least a 
pair of output connections arranged to receive radio fre- 
quency power from the power device, one of the pair of 
connections being connected to the said elecUode, and 
wherein the generator further comprises a centred stage 
operable to reduce the conduction time of the power de- 
vice during ^dividual radio frequerKy cycles in re- 
sponse to a sensing signal (preferably the. peak output 
voltage) representative of the toad impedance present- 
ed to the generator across the output connections ex- 
ceeding a predetermined sensing si^l threshold val- 
ue, whereby the radio frequency power deBvered to ttie 
electrode structure is rapidly reduced when the conduc- 
tive liquid is vaporised. The electrode structure may in- 
clude a distal treatment electrode and a Squid contact 
electrode spaced proximally from the distal electrode, 
both electrodes being tor use surrounded by the con- 
ductive liquid and each t>elng connected to a respective 
one of the pair of output connections the control stage 
being operable to reduce the reduction time of the ponuer 
device when the conductive liquid at the distal electrode 
is vaporised. The electrosurgical instrument may pro- 
vide an electrode structure having juxtaposed first and 
second electrodes for immersion in the conductive liq- 
uid, the first and second electrodes respectively fomiing 
a tissue contact electrode at an extreme distal end g4 
the instrument and a return eleclrode proKimaBy spaced 
from the tissue contact electrode. 

According to yet andO\&f aspect of the invention, 
there is provided an etectroeurgical system operable in 
at least a tissue desiccation mode and a tissue cutting 



or vaporisation mode comprising a generator tor gener- 
ating radk> frequency power and an electrosur^cal in- 
strument coupled to the generator, the Instrument hav- 
ing an electrode stnjcture for operation immersed in a 

5 cor^ductive liquid, wherein the generator includes a 
mode selection control and has power control circuitry 
for automaticaily adjust&ng the radio frequency power 
suppled to the electrode structure to limit the peak gen- 
erator output votege to a first value when the desloca- 

10 tion mode Is selected and to at least one second value 
when the cutting or vaporisatkx> mode is selected, ttte 
second value or values being higher than the first value. 
The first and secorKl values are advantageously in the 
ranges of from 160V to 200V, and from 250V to 600V. 

15 respectively, these voltages being peak voltages. 

From a method aspect, the inventkxi provides a 
method of operating an electrosurgical system havhg 
at least a tissue deskxation mode and a tissue cutting 
or vaporisation mode, the system having a radk> fre- 

20 quency power generator coupled to an electrode as- 
sembly having an electrode for operatkxi in aconductive 
Uqukl. wherein the method comprises: selecting one of 
the sakJ modes; when the desiccation mode is selected, 
automatfeany adfusting the racfio frequency power sup- 

2S plied to the electrode assembly to maintain the conduc- 
tive lk]ukf adjacent the electrode at its boiling point for 
tissue deskxatnn without creating a vapour pocket sur- 
foundirig the eiectfode; and when the cutting or v^xxi- 
sation mode is selected, automatically adjusting the ra- 

30 dk> frequency power supplied to the electrode to main- 
ta'tn a vapour pocket surrounding the electrode. In the 
cutting or vaporisatkxi mode the radto frequency power 
supply to the electrode may be automatk^aily limited to 
prevent electrode overheating or erosion. The radfofre- 

^5 quency power supply to the electrode may be automat- 
krally adjusted by limiting the output voltage to predeter- 
m^ed first and second voltage values, the first voltage 
vakie being used in the destecation mode and the sec- 
ond voltage value, whfch is higher than the first voltage 

^ value, behg used in the cutting or vaporisatksn mode. 
The inventkxi also provkles a method of opemting 
an electrosurgteal system whch has a generator cou- 
pled to an electrode assembly having an electrode for 
operatkm In a corxhict^ ik)ukl, wherein the method 

45 comprises applying radfo frequency power to the elec- 
trode, monitodhg an electrical signal related to the toed 
impedance presented tothe generator, and reducing Ihe 
apf^ied power when the saki signal reaches a predeter- 
mined threshokf value associated with an increased 

so toad impedance, wttereby only sufHcient radk> frequen- 
cy power b applied to the electrode to maintain the Bqukf 
ad^nt the electrode at its boiling point for tissue des- 
iccation without creating a vapour pocket surrounding 
the ^edrode. 

55 The predetermined threshoU is advantageously 
representative of peak output voltage at the generator 
output connectkxis. 

The nvention further provkles an electrosurgical 
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generator for supplying power to an electrosui^ in- 
stfument the genetator conprising a radio IreepierKy 
output stage having a radio frequency switching device 
and a pair ol electiosurgicaJ output comectiofis tor de- 
Pivering power to the instrument, and control circuitry in* 
dudhg sensing means tor deriving and sensing signal 
representative of the radto frequency peak output vott- 
age devekjped across the output connections, wherein 
the control circuitry has an output coupled to the switch- 
ing device and is operable to reduce the duty cycle ol 
the switching dev'ce in response to the peak output volt- 
age reachvig a predetermined threshold value thereby 
to reduce the power delivered to the instrumenL Prefer- 
ably the control circuitry is operable to effect a control 
overshoot in that the output power is reduced by at least 
50% within lOOps of the threshold having been reached. 
The sensing signal is representative ol peak output voll- 
age largely independently d the output wavefomi crest 
factor and the control circuitry includes no elements 
(such as averaging drcuHiy) in the feedback toop to the 
switching device whk:h cause a signal delay of greater 
than 100)18. 

The inventton wiJI now be described by way of ex- 
ample with reference to the drawings In which:- 

Figure 1 is a diagram showing an electrosurgical 
system in accordance with the irWention; 

Figure 2 is a fragmentary view of a first electrode 
assembly for tissue desiccation, shown in use and 
immersed in a conductive Ik^ukJ; 

Figure 3 is a toad characteristic graph idustrating the 
variation in load impedance produced by an elec- 
trode assembly such as that shown in Figure 2 wAten 
used in a conductive PquU. according to the deliv- 
ered output power; 

Figure 4 is a fragmentary view ol a second electrode 
assembly for tissue vaporisation, shown in use im- 
mersed |n a liquid: 

Figure 5 is a block diagram ol a generator in accord- 
ance with the invention; 

Figure 6 is a bkick <fiagfam o4 part d the control 
circuity of the generator of Figure 5; 

Figure 7 is a wavef omt diagram showing a typical 
RF output voltage variation pattern obtained with 
the generator of Figures 5 to 7. the voltage being 
shown varying wllti time aocorcSng to variatkms in 
toad inpedance and generator output stags supply 
vollage; 

Figure 8 is a circuit diagram of part of the generator 
of Figures 5 and 6; 



Figure 9 is a graph showing the variatton cf output 
power produced by the generator as a function o« 
the toad Inpedanee presented to il by the electrode 
assembly, the output power variation being shown 
in two operation modes ol the generator, and 

Figure 10 is a graph showing the variation of output 
power for generator as a hinctnn of load impedarKe 
alter modificatton ol the generator characteristics in 
response to output voltage sensing. 



Historfcally, underwater etectrosurgery has been 
the most demancfir^ electrosurgical applcalion in terms 
of instmment engineering. The reason for this is that the 
'5 electrosurgical power requirement is very high, specifl- 
caDy because it is necessary to create arcs for cutting 
and tissue disruption in circumstances in wAiich power 
is dissipated quickly by the surrounding liquid. Conse- 
quently, high currents are used to erwure vaporisation 
20 of fiquki surrounding the electrode. Power levels up to 
300 watts are commonly used. ConventionaSy. under- 
water electroeurgery is periorrrrad using a r)on-conduc- 
tive fluM or irrigant to efiminale electrical conductton 
loeses. Glycine; which is commonly used, has the die- 
zs advantage that in the course of an operation, veins may 
become severed and irrigant may be infused Into the 
circulation. This absorption causes among other things 
a cfikition of serum sodium which can lead to a oonditkxt 
known as water lntoxk»tkx). 
30 . Accordngly^ the applicants propose use of a con- 
ductive liquU medium such as normal saline, electro- 
surgery being performed with using a system compris- 
ing a generator arxl an instrument, the Instrument hav- 
rig a dual-electrode structure with the safine acting as 
3S a conductor between the tissue being treated arxJ one 
of the electrodes, hereinafter caOed the "return elec- 
trode'. The other electrode is applied directly to the tis- 
sue. TMsother electrodeishereinaftercaUedIhe *actlva 
electrode'. 

40 Such a system isshown in Figure 1. The generator 
1 0 has an output socket 10S provWing a radto frequency 
(RF) output for an instalment in the form of a handpiece 
12via aconnectkxioord 14. Activatton d the generator 
may be performed from the handpiece 12 via a control 
45 coonecltonhcordUorbymeaneolalootswilchunlt 
18. as shown, connected separately to the rear c« the 
generator 10 by a fdotswilch connection cord 18. In the 
atustrated emboament. footswitch unit 16 hastwolool- 
switches 16A and 16B tor selecting a desKcation mode 
so and a vaporisatton mode of the generator respectively 
The generator front panel has push buttons 20 and 22 
fbr respectively setting desbcation and vaporisatnn 
power leveto. which are indteated In a cfisplay 24. Push 
buttons 26 are provfctod as an aRemativa means for Be- 
ss lection between deskxalion and vaporisatton modes. 

Handpiece 12 mounts a detachabto electrode as- 
sembly 28 havvtg a dual electrode stnictura. as showm 
bi the fragmentary view of Figure 2. 
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Figure 2 Is an enlarged view of the distal end of elec- 
trcide assembly 28. At its extreme distal end the assem- 
bly has an active electrode 30 which, in this embodi- 
ment, is fomoed as a series of metal filanwnts connected 
to a central conductor 32. The filaments may be made 
of stainless steel Proximally of the active electrode 30 
and spaced from the latter by a longitudinally and radi- 
ally extending insulator 34 is a return electrode 36. The 
return electrode 36 is arranged coaxially around the in- 
ner conductor 32 as a sleeve 38 which extends as a tu- 
bular shaft 40 to the proximal end of the assembly 28 
where it is connected In the handpiece 1 2 to conductors 
in the connection cord 14. Similarly, the inner conductor 
32 extends to the handpiece and is connected to a con- 
ductor in cord 14. The electrode assembly 28 has an 
insulating sheath 42 which covers shaft 40 and termi- 
nates proximally of the insulator 34 to leave the distal 
end of shaft 40 exposed as the return electrode 36. 

in operation as a desiccation instrnment. the elec- 
trode assembly 28 Is applied as shown in Figure 2to the 
tissue 44 to be treated, the operation site being im- 
mersed in a nomial saline (0.9%w/v) solution, here 
shown as a drop 46 of liquid surrounding the distal erxJ 
portion of the electrode assembly 28. The liquid immers- 
es both the active electrode 30 and the return electrode 
36, 

Still referring again to Figure 2. the metallic fila- 
ments fonming the active electrode 30 are all electrically 
connected together and to the inner conductor 32 of the 
electrode assembly to form a unitary active electrode. 
Insulator 34 isan insulating sleeve, the distal end portion 
of which is exposed proximally of the exposed part of 
the active elecuode 30. Typically, this sleeve is made of 
a ceramic materia! to resist damage from arcing. The 
return etecuode terminates at a point sfiort of the end of 
the frisulator 36 so that H Is both radially and axiafly 
spaced from the active, or tissue contact, electrode 30. 
The surface area of the return electrode is considerably 
greater than that of the active electrode 30. At the distal 
end of the electrode assembly, the diameter o< the return 
electrode is typically h the region of from 1 mm to 3mm, 
with the lon^udlnal extent of the exposed part of the 
return electrode being typically between 1mm and 5mm 
with the longitudinal spacing from the active electrode 
being between 1mm and Smm. 

In effect, the electrodeassembly is bipolar, with only 
one of the electrodes (30)aciually extending to the distal 
end of the unit This means that the return electrode, in 
normal circumstances, remairts spaced from the tissue 
being treated and a current path exists between the two 
electrodes via the tissue and the conductive liquid which 
is in contact with the return electrode 36. 

The conductive fiquid 46 may be regarded, as far 
as the defiveiy of bipolar electiosurgical energy is con- 
cerned, as a low impedance extension c« the tissue. Ra- 
dio frequency currents pradUced by the generator 10 
now between the active electrode 30 and the return elec- 
trode 36 via the tissue 44 and the immersing conductive 



Bquid 46. The particular electrode arrangement shown 
in Figure 2 is most suitable for tissue desiccation. 

The axial as well as radial separation between the 
electrodes avoids the small spacing of the conventional 
5 bipolar arrangement in which both electrodes are tissue- 
contacting. As a result, there is less danger of unwanted 
arcing across the insulation surface, which allows com- 
paratively high power dissipation for desiccation treat- 
ment, and. in the case of tissue cutting or vaporisation, 
10 prevents excessive arcing which can tead to interetec- 
trode insulation damage. 

The immersing saline solution may be provided 
from a conduit (not shown) fomiing part of the instni- 
ment 1 2. Thus, the invention may take the form of an 
IS electrosurgical system for the treatment of tissue im- 
mersed In a conductive fluid medium, comprising an 
electrosurgical instrument having a harKfpiece and an 
Instrument shaft, and, on the end of the shaft, an elec- 
trode asserhbly. the assembly comprising a tissue con- 
20 tact electrode which is expoeedattheextremedistalend 
of the Instrument and a return electrode which is elec- 
trically insulated from the tissue contact electrode and 
has a fluid contact surface spaced proximally from the 
exposed part of the tissue contact electrode, the system 
25 further comprising a radto frequency generator coupled 
to the electrode assembly of the instnjment, a resenrair 
of electrically conductive fluid, such as the nomiat saline 
solution, and a conduit, typically arxl integral part of an 
endoscope, for delivering the liquid from the resen/oir to 
30 the region of the electrode assembly. Pressure tor de- 
livering the liquid may be provided by a pump forming 
pari of the ar^ratus. 

Since in this embodwnent of electrode assembly 28. 
the active electrode 30 is made of stainless steel fila- 
35 ments in the form of a brush, the electrode is flexible, 
providing a reproducible tissue effect which is compar- 
atively independent of the application angle of the elec- 
trode to the tissue surface. The fiexlbnity of the electrode 
30 also results in a differential contact area of the active 
40 electrode dependent on the applied pressure, allowing 
variations in the breadth of desiccation OKrer the surtM 
of the tissue, reducing procedure time. 

Desiccation occurs by virtue of radto frequency cur- 
rents passing between the active electrode 30 and the 
45 conductive liquid 46 via the outer layer of the tissue 44 
immediately beneath and in an area surroundirig the ac- 
tive electrode 30. The output impedance of the genera- 
tor is set at a level commensurate with the load imped- 
ance of the electrode assembly when used as shown in 
so Figure 2 with both electrodes in contact with the con- 
ductive liquid 46. In order to sustain this matctied state 
for tissue desiccation, the output power of the generator 
is automatically contn^ed in a manner which wQl t>e de- 
scribed below so that vapour but)bles of significant size 
55 are substantially prevented from appearingal the active 
electrode 30, thereby avoiding a consequent increase 
in load vnpedance. In this way. the active elecUode can 
be continually wvetted by the conductive fiquid so that. 
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whBst the tissue water is removad by thetmal desicca- 
rkxi. me impedance reaches an upper Smit owfesponcl- 
ing to the point a! vvhich the conductive Gquid starts to 
boil. As a result, the system is able to deliver high power 
levels for desiccation without unwanted conductive liq- 
uid vaporisation ieacSng to unwanted tissue eClects. 

The eiectrcaf behaviour of the electrode assen^ly 
when the electrodes 30 and 36 are immersed n the con- 
ductive liquid 46 is now considered with reference to the 
graph of Figure 3. 

When power is first appBed, there is presented to 
the generator an initial load impedance r which is gov- 
emed by the geometry ol the elecUode and the electrical 
conductivity ol the conductive liquid. The value of r 
changes when the acthre electrode touches the tissue. 
The higher the value of r. the greater is the propensity 
of the conductive liquid to vaporise. As power is dissi- 
pated in the tissue and the conductive liquid, the con- 
ductive liquid increases in temperature. In the case ol 
nonrat saline, the temperature coefficient of conductiv- 
ity is positive and the corresponding impedance coeffi- 
cient is therefore negative so that the impedance initially 
falls. Thus, the cun^e in Figure 3 indicates a faO in load 
impedance as the delivered power Is increased, the im- 
pedance falling through point A to a minimum at point 
B, at which point saline in irrwnediate contact with the 
electrode reaches boiling point. Small vapour bubbles 
now form on the suriace of the active electrode and the 
impedance starts to rise as shown by the cunre rising 
Irom point B to point C. Thus, once the boiling point has 
been reached, the arrangement displays a dominant 
positive power coefficient ol impedance. 

As the vapour but>bles form, there is an increase in 
the power density at the remaining active electrode to 
saline interface (the exposed area of the active elec- 
trode not covered by vapour bubbles) which further 
stresses the interface, producing more vapour bubbles 
and thus even higher power density. This is a runaway 
condition, with an equiajrium point only occuning once 
the electrode is completely enveloped in vapour. Thus, 
for a given set of variables, there is a power threshold 
corresponding to point C at which this new eq^iDbrium 
Is reached. 

In the Hghl of the loregolng. it will be appreciated 
that the region between points 8 and C in Figure 3 rep- 
resents the upper limit of desiccation power which can 
be achieved. 

Upon lormation of an electrode-enveloping vapour 
pocket, the impedance elevates to about IkQ. as shown 
by point D in Figure 3. the actual mpedance value de- 
pending on a number of system variables. The vapour 
is then sustained by discharges across the pocket be- 
tween the active electrode and the vapour/saline inter- 
face. 

This state of affairs is 9tustrated by the diagram of 
Figure 4 which shows an alternative electrode assembly 
28A having a henrtispherlcal or baD electrode 30A In 
place of the brush electiode 30 of the emtiodiment of 



Figure 2. As before, the return electiode 36A is proxi- 
malty spaced from the active electrode 30A by an inter- 
vening insubtor 34A. The ball electrode is preferred for 
tissue vaporisatkjn. 
s Once in the vaporisation equSibrium state, the va- 
pour pocket, shown by the reference 50 in Figure 4. is 
sustained by discharges 52 across the vapour pocket 
between the active electrode 30A and the vapour to sa- 
fine interface. The majority of power dissipation occurs 
to within this pocket with consequent heating of the active 
electrode. The amount of energy dissipatfon in this con- 
duction Is a function ol the delivered power. It will be 
noted Irom Figure 3 that the vaporisation mode, indicat- 
ed by the dotted boundary lines, can be sustained at 
« much lower power levels than are required to bring 
about formation of the vapour pocket. The impedance/ 
power characteristic consequently displays hysteresis. 
Once the vaporisatfon mode has been estabfished. it 
can be maintained over a comparatively wide range of 
20 power levels, as shown by the ir>dined part of the char- 
acteristk; extending on both sides of point O. However, 
increasing the delivered output power beyond that rep- 
resented by poini D causes a rapid rise in elecUode tem- 
perature. potentiaDy damaging the electrode. To col- 
25 lapse the vapour pocket and to return to desiccatnn 
mode requires a significant power reductkjo back to 
point A. direct contact between the active electrode and 
the saline being reestabfished and the impedance fating 
dramatically. The power density at the active electrode 
so. also fans so that the temperature of the saline now falls 
betow boiling point and the electrode is then once again 
ki a stable destecation equilibrium. 

The generator to be descnl>ed heronafter has the 
abRity to sustain both the deskx:atk)n mode and the va- 
ss porisation mode. Whilst m general the electrode assenv- 
blies iBustraled in Figures 2 and 4 can be used in either 
mode, the brush electrode of Figure 2 is preferred for 
desiccation due to its wide potential area of coverage, 
and the ball electrode of Figure 4 b preferred lor vapor- 
40 isatkxi due to its small active electrode/return electiode 
surface area ratk>. As can be seen from Figure 4, tissue 
vaporisalkxi occurs when the vapour pocket 50 inter- 
sects the tissue surface, with the electrode assembly 
preferably being hekf spaced above the tissue surface 
45 by a small distance (typically 1 mm to Smm). 

The runaway condition whfch occurs when the de- 
livered power reaches the level shown by point C In Fig- 
ure 3 is exacertjated if the generator has a significant 
output Impedance, because the output voltage can then 
so suddenly rise. With increased power dissipation and 
without the presence of the cooling tiqukl around the ac- 
tive electrode 30. the electrode temperature rises rap- 
kfly ¥wilh consequent damage to the etectrode. This also 
produces uncontrollable tissue dtsruptton in place ol the 
ss requireddasiocalton. For this reasoa the preferred gen- 
erator has an output source impedance whfch. approx- 
imately at least matches the toad Impodance of Iho oloc- 
. trode structure when wetted 
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The preferred generator new to be described allows 
both desiccation electrosurgery substantially without 
unwanted cefl disruption, and electrosurgical cutting or 
vaporisation substantially without electrode burning. Al- 
though intended primariV for operation in a conductive 
rquid distension medium, it has application in other elec- 
trosurgical procedures, e.g. in the presence of a gase- 
ous distension medium, or wherever rapid load imped- 
ance changes can occur. 

Referring to Figure 5, the generator comprises a ra- 
dio frequency (RF) power oscillator 60 having a pair of 
output connections 60C for coupling via output terminals 
62 to the load impedance 64 represented by the elec- 
trode assembly when in use. Power is supplied to the 
oscillator 60 by a switched n^tde power supply 66. 

In the preferred embodiment, the RF oscillator 60 
operates at about 400 kHz. with any frequency from 300 
kHz upwards into the HF range being feasible. The 
switched mode power supply typically operates al a fiB- 
quency in the range of from 25 to 50 kHz. Coupled 
across the output connections 60C is a voltage thresh- 
old detector 68 having a first output eSA coupled to the 
switched mode power supply 16 and a secorxl output 
68B coupled to an *on' time control circuK 70. A micro- 
processor controller 72 coupled to the operator controls 
and display (shown n Figure 1), is connected to acon- 
trot input 66A of ttie power supply 66 for adjusting the 
geneiator output power by supply voltage variation and 
to a threshold-set input 68C of the voltage threshold de- 
tector 6B for setting peak RF output voltage limits. 

In operation, the microprocessor controller 72 caus-. 
es power to be applied to the switched rrKxle power sup- 
ply 66 when electrosurgical power is demanded by the 
surgeon operating an acthratton switch anangement 
whKh may be provided on a fiandpiece or footswitch 
(see Figure 1). A constant output voltage threshold is 
set ir>dependently of the supply voltage via input B8C 
according to control settings on the front panel of the 
generator (see Figure 1). Typically, fordesiccatkxi oroo- 
aguiatk)n the threshoU is set at a desiccation threshold 
value between 150 volts and 200 volts. When a cutting 
or vaporisation output is requfredl the threshold is 884 to 
a value in the range of from 250 or 300 volts to 600 volts. 
These voltage values are peak values. Their being peak 
values means that for desiccatkxi at least it is preferable 
to have an output RF waveform of tow crest factor to 
give maximum power before the voltage is clamped at 
the values given. Typicairy a crest factor of 1.5 or less 
is achieved. 

When the generator is first activated, the status of 
the control input 601 of the RF oscillator 60 (whk:h is con- 
nected to the 'on* time control circuit 70) is •on", such 
that the power switching device which fomis the oscil- 
lating element of the oscillator 60 is sviritched on for a 
maximum conduction period during each oscillation cy- 
cle. The power delivered to the load 64 depends partly 
on the supply voltage.applied to the RF osclBaior 60 from 
the switched mode power supply 66 and partly on the 



load impedance 64. If the supply voltage Is sufficiently 
high, the temperature of the fiquid medium surrour>ding 
the electrodes of the electrosurgical instrument (or with- 
in a gaseous medium, the temperature of liquids con- 
5 tained within the tissue) may rise to such an extent that 
the liquid medium vaporises, leading to a rapid increase 
in k)ad impedance and a consequent rapid increase in 
the applied output voltage across terminals 12. This is 
an urKiesirable state of affairs if a desiccation output Is 
required. For this reason, the voltage threshold for a 
desiccation output is set to cause trigger signals to be 
sent to the 'on' time control circuit 70 and to the 
switched mode power supply 66 when the threshoM is 
reached. The 'on* time control circuit 70 has the effect 
of virtually instantaneously reducing the 'on' time of the 
RF oscillator switching devk:e. Simultaneously, the 
switched mode power supply is disabled so that the volt- 
age suppBed to oscillalor 60 begins to tall. 

Subsequent control of the 'on' time of individual cy- 
cles of the oscillator 60 will be understood by conekJer- 
ing the internal configuration of the "on* time control cir- 
cuit 70 which is shown in Figure 6. The circuit comprises 
an RF sawtooth generator 74 (synchronised at the RF 
oecillatkxt frequency by a syrwhronisation sigrtal de- 
rived from the oscillator and applied toa synchronisatkin 
input 741), and a ramp geneiator 76 which is reset by a 
reset pulse from the output 688 of the voltage threshoM 
detector 68 (see Figure 5) produced when the . set 
threshoU voltage is reached. This reset pulse is the trig- 
gersignal referred to atx>ve. The *on' tone control circuit 
70 further comprises a comparator 78 for comparing the 
sawtooth and ramp voltages produced by the sawtooth 
and lamp generators 74and76 to ytekJ a square wave 
control signal for applteatton to the input 601 of the RF 
oscillator 60. As shown by the waveform diagrams in 
Figure 6, the nature of the sawtooth and ramp wave- 
forms is such that the mark-to-space ratio of the square 
wave si^ial applied to the oscillator 60 progressively in- 
creases after each reset pulse. As a result, after a vir- 
tually instantaneous reduction in *on* time on detection 
of the output vollage reaching the set voltage ttireshokf. 
the *on* time of the RF oscillalor is progressively In- 
creased back to the original maximum value. This cycle 
is repeated until the supply voltage tor the oscillator from 
power supply 66 (Figure 5) has reduced to a level at 
whk:h the oscillator can operate with the maximum con- 
ductkm perkxJ without the output voltage breaching the 
set voltage threshold as sensed by the detector 68. 

The output voltage of the generator is important to 
the mode of operatkxi. In fact, the output modes are de- 
fined purely by output voltage, spectfkally the peak out- 
put voltage. The at^solute measure of output voltage is 
only necessary for multiple term control. However, a 
simple single term control (i.e. using one control varia- 
ble) can be used in this generator in order to confine the 
output voltage to predetennined limit voltages. Thus, the 
vollage threstxM detector 68 shown in Figure 5 com- 
pares the RF peak output vollage with a preset DC 
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threshold level, and has a sutncisntly fast response time 
to produce a reset pulse (or the "on* time control circuit 
70 within one RF half cyde. 

Before considering the operation of the generator 
further, it is appropriate to refer back to the impedance/ 
power chaiacteristb of Figure 3. it will be appreciated 
that the most critical control threshold is that applicable 
during desiccation. Since vapour bubbles forming at the 
active electrode are non-conducting, the saline remain- 
ing in contact with the electrode has a higher power den- 
sity and consequently an even greater propensity to 
form vapour. This degree of instability brings alXHit a 
transition to a vaporisation mode with the same power 
level due to the runaway increase in power density at 
the active electrode. As a result, the onpedance local to 
the active electrode rises. Maximum absorbed power 
coincides with the electrode condition existing immedi- 
ately before formation of vapour bubbles, since this co- 
incides with maximum power distribution and the great- 
est wetted electrode area. It is therefore desirable that 
the electrode remains in its wetted state for the maxi- 
mum desiccation power. Use of voltage timil detection 
brings about a power reduction which allows the vapour 
bubbles to collapse which in turn increases the abiiay of 
the active electrode to absorb power. For this reason, 
the generator descrbed h this specification includes a 
control loop having a large overshoot, in that the feed- 
back stimulus ol the peak voBage reaching the prede- 
Tined threshoW causes a targe instantaneous reductkxi 
In power by causing a reduction in peak output voltage - 
toa level significantly bekiwthe peak output voltage lev- . 
el set by the threshoW deteclor 68. This control over- 
shocrt ensures a return to the required wetted state. 

In the generator descrit>ed above with referertce to 
Figures 5 and 6, power reductnn in response to voltage 
threshold detectkxi takes place in two ways:- 

(a) an instantaneous reduction in RF energy sup- 
plied to the resonant output circuit of the osciDalor. 
and 

(b) a shut down of DC power to the oscillator for orte 
or more complete cycles ol the switched mode pow- 
er supply (le. lypnally for a minimum perkxt of 20 
to 40 MS). 

In the preferred embocfimeni, the instantarteous 
power reduction is by at least three quarters of available 
power (or at least half voltage) from the DC power sup- 
ply, but continuous voltage threshokJ feedback continu- 
ally causes a reductkxi in delivered power from the DC 
power supply. Thus, a high speed response is obta'ned 
in the RF stage itself, with the DC supply voltage track- 
ing the redUdkn to enable the RF stage to return to a 
full duty cyde or mark-to-space ratio, thereby enabling 
further rapkf power reductkxts when the vollage thresh- 
okJ is again breached. 

The effect ot this process on the RF output voltage 



is shown in the waveform diagram ol Figure 7. contain- 
ing traces representative ol the output voltage, the os- 
ctltator supply vodage, and the toad impedance during 
a typkaldesfcxation episode over a Imsperkxj. Starting 

s on the tefthand side at the diagram with the supply volt- 
age approximately constant, the output voltage increas- 
es with iru:reasing toad impedaru:e to a point at which 
the output voltage threshokJ is reached, whereupon the 
above-described instantaneous reduction in oscillator 

10 'on' time occurs. This produces a rapkJ decrease in the 
RF output voltage, as shown. foOowed by a progressive 
increase, again as described above. When the output 
voltage reaches the threshokl voltage, the voltage 
threshoki detector 66 (shown in Figure 5) also disables 

15 the po¥ver supply, leading to a gradual decrease in the 
supply voltage. As a result, when the 'on' time of the 
oscillator devtoe has once again reached its maximum 
value, illustrated by point a in Figure 7. the threshold 
voltage has ml been reached. However, the toad im- 

20 pedance begins rising again, causing a funher. albeit 
slower, increase in the output voltage until, once agam. 
the threshoU voltage is reached (point 6). Once rrxxe. 
the *on' time of the osdBator is instantly reduced and 
then progressively increased, so that the output voltage 

2S waveform repeats its prevtous pattern. Yet again, the 
threshoki voltage is reached, again the output voltage 
b onstantiy reduced (at point c^. and again the 'on' time 
is altowed to increase. On this occaston, however, due 
to the supply voltage having further reduced (the power 

30 supply still being disabled), the output voltage does not 
• . reach the threshoU level (at point dJunUI a conskterably 
tonger time period has elapsed. Indeed, the length of 
the pertod is such that the output voltage has failed to 
reach the threshokl voltage over a complete switching 

3S cycle of the power supply, so that it has in the meantime 
been enabled (at point e). 

During this pertod the power supplied to the elec- 
trode has been sufficient tofurther increase the toad im- 
pedance. The erratic impedance behavtour is typtoal ol 

40 the commencement of vapour f ormatton. Consequently, 
when n\B threshoki votlage is next reached (at point &), 
several successive cycles of 'on* time reductton and in- 
crease occurring one after the other are required (see 
/) combined with a further disabling (see g) of the power 

4S supply inordertomaintainthevoltagebetowthethresh- 
oU. 

It wQI be seen. then, that the control circuitry 70, 72 
(Figure 5) operates dynamtoaOy to control the output 
voltage both sulfictently raptoly and to a sulTicient de- 

so gree to maintain the voltage at a level consistent with, 
in this case, the level required for deskx»tion without 
tissue disruptton due to arcing. The same technique can 
be used with a dilf erent threshold voltage to Bmit the out- 
put voltage to prevent electroda burning and/br exces- 

ss sive tissue vaporisatton. In the latter case, the vollage 
limit may be set to a level belween 250 vdSs (preferably 
300 votts) and 600 vote. 

Due to the his^ power density at the active elec- 
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trode during the vaporisation nxxte. the great majority 
of delivered power is dissipated In the proximity d the 
electrcxle. In the vaporisation mode, it is desiiabte that 
a minimum of saline heating occurs, but that any tissue 
which encroaches the vapour boundary at the active 
electrode is vaporised. In the vaporisation mode, the va- 
pour is sustained by arcs within the vapour pocliet as 
described above with reference to Figure 4. Increasing 
the output voltage during vaporisation results in In- 
creased volume of tissue removal due to the increased 
size of the vapour pocket. Collapse of the vapour pocket 
during tissue vaporisation has greater consequerKe. 
due to the Increased necrosis as a result of the greater 
power dissipation in the surrounding saline. Vapour 
pocket collapse can be prevented by. firstly, arranging 
for the electrode Impedance in vaporisation mode to be 
such that the instniment is in an unmatched conditksn 
as regards impedance, with result that the resonant out- 
put circuit Q is high and the output voltage does not 
change so rapklly as with tower load impedances and, 
secondly, the active electrode has a significant heat ca- 
pacity that sustains the vapour pocket for a significant 
period. 

An unwanted increased in the size of the vapour 
pocket can be prevented by limiting the peak ou^MJt volt- 
age during the vaporisation mode. whk:h may t>e con- 
veniently carried out by substituting a different threshokj 
value for' the voltage threshold detector 68 (see Figure 
5) when in the vaporisation mode. 

The circuitry of the RF oscillator 60. voltage thresh- 
okJ detector 68. and 'on' time control circuit 70 (shown 
in Figure 5) m the preferred generator in accordance 
wKh the invention is shown in Figure 8. 

Referring now to Figure 8, the RF oscillator com- 
prises a IGBT fmsulated gate bipolar transistor) 60 act- 
ing as an RF switching device whfch pumps energy into 
a parallel resonant circuit comprising the primary wind- 
ing 82P of transformer 82 and a parallel-connected res- 
onating capacitor 84. RF power is supplied from the 
transformer secondary winding 82S via isolating capac- 
itors 86. 88 to RF output terminals 62. Flower for the os- 
cillator transistor 60 is suppDed on a high voltage supply 
line 90 which is connected to the output of the switched 
mode power supply 66 (shown In Figure 5). Supply Bne 
90 is decoupled by capacitor 92. 

The OGctHator feedback toop runs from the resonant 
primary winding 82P (on the opposite sMe of the winding 
from the supply Bne 90) via a phase shift network com- 
prising ce9>acitor 94. resistor 96. and clamping dk>des 
98. 100. and via a fieW effect transistor (FET) 104, the 
voltage controlled moriostable represented by compa- 
rator 78 arxJ associated components, and the driver 
108. which is connected to the gate of transistor 80. 

The vollage on that skle of the primary wirtding 82P 
whch is coupled to transistor 80 is substamiany sinusoi- 
dal and altemaies at a frequency defined by the parallel 
resonant oombinatton of the winding inductance andca- 
pacitor 84. Typically the voltage swing is greater than 



twice the supply voltage on supply line 90. falling betow 
grouTKi voltage in negative half -cycles. 

The phase-shift network 94, 96. 98, 100 provMes a 
positive-going square wave which is 90* phase-ad- 
s vanced with respect to the prknary voltage. Thus. FET 
104 is tumed on approximately when the voltage on pri- 
mary winding 82P has just reached Its minimum value, 
and off when it has just reached its maximum value. 
When FET 104 is tumed on a timing capacitor is rapkSy 
10 discharged and the output of comparator 78 is tumed 
off. The driver 108 is non-inverting and cortsequently 
transistor 80 is also tumed off at this point. It foltows that 
the transistor 'off' point is repeatable and has a constant 
phase retatkir^ip with respect to the primary voltage 
IS by virtue of the feedback path described above. The tog- 
ic of the feedback path is also such that the feedback 
slgn^ fed to the gate connection of transistor 80 has a 
togfc level of "1" when the primary voltage is decreasing 
(and the potential difference across the primary winding 
so 82P is increasing). The 'off' point occurs sutsstantiatty 
at a prsnary voltage peak. i.e. when the primaiy voltage 
is at its minimum value in the present case. 

Unlike the 'ofl' point, the "on' point of transistor 80 
isvariable as will now be described. The instant at which 
the togic level at the output of comparator 78 and on the 
base of device 80 changes to '1 ' depends on the refer- 
ence voltage applied to the inverting input 781 of com- 
parator 78. As a result, the delay between device 60 
switching off and swftching on is determined t)y this 
comparison of vollage applied to input 781 of comparator 
78. In other words, an "on' signal to devtee 80 is delayed 
with respect to switching off by a period which is in ac- 
cordance with the refererwe voltage on the diverting in- 
put. This refererKe voltage is dependent on the voltage 
appearing across resistor 1 1 2 which is part of a potential 
diykter consistng also of resistor 114 and potentkxneter 
116. Potenttometer 116 sets the minimum switching on 
delay, oorfespondhg to the maximum duty cycle of tran- 
sistor 80. The voltage appearing across resistor 112 is 
variable and represents the control range of *on" time 
adjustment between 2S% of the maximum duty cyde 
and 100%. Timing capacitor 110 Is charged by variable 
resistor 118 (preset for an appropriate time constant) 
from a tow voltage supply line 1 20. 

Comparing Figure B with Figure 6. it will be appre- 
ciated that the vollage on the norHnverting input 7GN of 
comparator 78 fias a sawtooth waveform as shown In 
. Figure 6. the waveform being produced by the repeated 
triggering of FET 104 and discharging of capacitor 110, 
each discharging being foltowed by charging of a capac- 
itor through resistor 118. 

The voltage across resistor 112 is normally at a mirv 
omum vahie, and is increased wtien the RF output volt- 
age from the generator reaches a predetermined peak 
thresfiold vakje. The circuitry which brings about this ef- 
fect win now be descri)ed. 

Output voltage detectton is provided by a peak volt- 
age detector coupled across the output terminais of the 
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generator. The detector includes a capacdiva divider 
chain 122. 124 connected across the FV^ output, the tap 
Iwtween the capacitors feeding the prtmaiy winding d 
an isotating transtormer 126. Resistors 128 and 130 
connected across the primary and secortdary windings 
o( tiansformer 126 respectively provide damping to 
avoid unwanted resonances and to filter high frequency 
components which may occur during arcing at the active 
electrode. The resulting sensing voltage appearing at 
the secondary winding of transfomwr 126 is then ted to 
two comparators 1 32 and 1 34. At this point, it should be 
appreciated that only the sense voQage hati cycles o( 
one polarity (in this case the positive-going hall cycles) 
are used for peak output voltage threshold detection. 

Each comparator 1 32. 1 34 has two Inputs, one con- 
nected to the transformer 1 26 to receive the sense vott- 
age, and one connected to a respective reference volt- 
age input 136, 138 (labelled CLAMP and BCX3ST in Fig- 
ure 8). Reference voltages applied to these inputs 136. 
1 38 are computer generated set voltage thresholds for 
the desiccate and vaporisation modes respectively. Se- 
lection of the operatbig mode is brought about by a con- 
trol signal (DES/VAP) applied to control input 140, and 
the logic chain comprising gates 1 42, 1 44. 1 46. and 148. ; 
Desiccation mode is set by logic level T at input 140. 
In vaporisation mode, logic level "0' on this input efiec- 
tively disables the output of comparator 132 via NOR 
gate 144. the output threshold detection then being fed 
through NOR gate 146. It win therefore be appreciated 
that the CLAMP voltage appSed to. input 136 is the ref- 
erence voltage setting the threshold value for.the.peak 
output voltage during desiccation, while the BOOST 
voltage applied to input 1 38 sets the threshold value of 
the peak output voltage in the vaporisation mode. 

When the output voltage reaches the set threshold 
value (i.e. a limit' voltage), transistor ISO is switched 
on. This transistor is capable of charging capacitor 152 
from 1 .5V to 4V in a period ol sons. The base charge of 
transistor 1 50 is sufficient to enlarge very narrow pulses 
from the voltage detectton drcuitiy and therefore en- 
sures that capacitor 152 attains maximum voltage for 
only marginly detected Gmit voDages at the RF output 
Since the control signal applied to the base of transistor 
150 is not averagedover a plurality of cycles, the tran- 
sistor switches on and off during every cycle of osdBa- 
tkjn of the radio frequency oscillator occuning when the 
peak output voltage threshohl is exceeded. Conse- 
quently, the output voltage is monitored and controlled 
on a cyde-by-cyde basis. The function of capacitor 1 52 
is to provkJe progressively lower reference voAages for 
comparator 78 after a limit voltage detection. Thus, the 
vonage on the emittBr of transistor ISO has a wavefomt 
as shown at the output ol the ramp generator 76 in Fig- 
ure 6. Inthis way. the tum-oo Instant ol device 80 is h- 
stantly retarded when the RF output voUage reaches the 
preset threshoU value, and is subsequently progres- 
sively advanced as the voliago across resistor 112 skaw- 
ly decreases. The discharge rate of capacitor 152 isde- 



temified by the paiaOel combination of resistor 112 it 
paraBel with resistor 114 plus resistor 116. 

Switching energy providdd by transistor 80 is con- 
verted by a series inductor 154P into a current drive into 
5 the resonant prirr^ary winding e2P. The actkxi of series 
inductor 1S4P smoothes energy injection into the reso- 
nant output drcuit represented by winding 82P and ca- 
pacitor 84 and prevents excessive initial current through 
transistor 80, and excessive swinging of the voltage n- 
10 put to winding 82Patx9ve the voBage on supply line 90. 
Under fun power conditksns. the initial switch-on of 
transistor 80 occurs at an initial resonant voltage maxi- 
mum across the resonant circuit. This creates a switch- 
on current zero as the inductor 154P is completely de- 
is pleted of energy after each cycle. Current in this inductor 
rapkfly builds.up until a point is reached at which the 
voltage on winding 82P becomes negative. The inductor 
1 54P then releases its energy into this reverse bias. The 
current zero at switdvoff is then guaranteed by a btock- 
20 ing dkxle 1 56 whnh prevents the return of energy from 
the resonant circuit to the inductor 154P. 

When the swHchon time of transistor 80 is reduced 
due to the output voltage reaching the predetermined 
set threshold, the primary voltage amplitude aaoss 
2S winding 629 decreases to the extent that the primary 
peak amplitude is less than the supply voltage. In par- 
ticular, the voltage minimum at the end o* primary wind- 
ing. 82P coupled to transistor 80 no kxiger swings be- • 
. ycnd the ground voltage. Energy can now no tonger be 
30 released from inductor- 154P back into the resonant cir- 
cuit. A secondary path for stored energy in inductor 
1 54P is provkJed by the fact that this indudor is the prt- 
nery winding of a transfomf^er 154 whfch has a second 
wincfing 1 548 coupled via a diode 1 58 to the supply line 
35 90. Residual energy stored in indudor 154P at switch- 
off causes fonNard biasing of dkxte 158.through.whk:h 
the energy is recovered back into the supply. This re- 
coveiy mechanism permits partial resonant primary am- 
plitude levels without damaging switching transistor 80 
40 by uncoupled energy creatng excessive voltage. 

The retatkinship t>etween 'on' time of transistor 80 
and switching ertergy deperxte on a nunfoer ol variables 
such as the initial energy storage of the resonant circuit 
82P, 64, the k»ditig on the output temtinals 62 (which 
«5 affects the Q of the resonant circuit), and the toading as 
it affects osdOatkxi frequency, which aO affect the non- 
linear energy storing rate ol inductor 154R 

As has been descri>ed atxTva. detedkxi of the out- 
put voltage reaching a predetennined threstvAl value 
so not only causes the duly cyde of the switching transistor 
60 to be instantly reduced, but it also disables the 
switched mod© power supply 66 (shown in Figure 5). 
This disabling effect is produced by feeding a signal 
from the output of the togte chain 142 to 148 via a filter 
55 160 to remove RF transients to a DISABLE output 6BA, 
whKh is conneded to the switched mode power supply 
66. 

The generator output impedance is set to about 1 60 
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ohms. The effect of this choice will be evident from the 
folkTWing dsscr^tion with reference to Figures 9 and 1 0 
which are graphs showing the variation of output power 
which can be produced by the generator into different 
load impedances. 

Referring to Figure 9, the power delivered to the 
load is here shown as a function of load impedance for 
two different oscillator supply voltage settings. In both 
cases, (t will be seen that, to the left of the power/ffnped- 
ance peak, an increase in load impedance leads to an 
increase in output power and, hefKe. an increase in out- 
put voltage. At higher impedances, to the right of the 
peaks, tiie voftage continues to increase, albeit less ag- 
gressively, as impedance increases. 

One of the features of the preferred generator in ac- 
cordance with the invention is that the output stage op- 
erates as an open loop oscillator with an output imped- 
ance (corresponding to the peaks in Figure 9) of about 
160 ohms. This is considerably lower than the output 
vnpedance of oonventkxial generators used for under- 
water electrosurgery, and contributes to the ability to 
prevent mnaway arcing behavkxjr and consequerrt ex- 
cessive tissue damage and electrode bum-out. 

: It shoukl be understood that tor deskx^tkan, steam 
envek)pe geneiatkxi at the electrode and arcing shoukl 
be prevented. Conversely, for cutting or vaporisation, 
steam envebpe generation and arcing are required, but 
to a level consistent with achieving the required tissue 
effect arxl the avoidance of electrode bum-out. Operat- 
ing points for tow and high power deskxatnn and cutting 
or vaporisatnn are shown in Figure 9. 

A feature of theoombinattnn of the generator in ac- 
corctance with the tnventkm and an electrode assembly 
having two ad^cent electrodes is that the output is vir- 
tually bistable. When operating in deskxaikxi mode, the 
entire electrode surtace is bi contact with an electncafty 
coTKiuctive medium and therefore the k>ad impedartce 
is comparatively k7W» consequently inhibiting the rise \n 
output voltage toa level sufficient for ardng. Conversely, 
when n cutting or tissue vaporisation mode, the entire 
active electrode surface is covered with a layer of va- 
pour v^k:h is of much higher jmpedarx^e, and the vapour 
pocket is sustained by arcing within it so that nearly all 
of the power dissipatnn occurs within the vapour enve- 
lope. In order to traverse from a deskxatkx) mode to the 
cutting mode, a high power burst is required, hence the 
posittoning of the power/toad cun/e peak between the 
desiccatkm and cutting operatkyi points on the curve. 
By altowing the output power to increase with imped- 
ance in this way. a high power burst of sufficient energy 
to create arcing is achieved despite the tow impedance 
presented by the electrodes. As the supply voltage to 
the oedllator b increased, it has a greater propensity to 
flip into the cut mode, whilst at tower supply voltage lev- 
els, the bislafole nature of the output, although more pto- 
nounced, tends towards Ihe deskxatkxi state. 

The.l)istBble properties arise net only from ttie elec- 
trode iinpedance behavnur. tuit also from the shape of 



the power/load Impedance cun/a. The flatter the load 
curve, the more constant the output power across a 
band of impedances and the less prorKxmced the effect 
Referring to Figure 9, it will be appreciated that in 

s the cut or tissue vaponsatton mode, a power equilibrium 
point is achieved by virtue of the decreasing output pow- 
er as impedance increases. In the destocation mode, the 
equilibrium b less straightfonward, because there are 
two impedance change mechanisms. The first mecha- 

10 nism is the heating of the conductive medium and/or tb- 
sue which, due its positive coefficient of conductivity, re- 
sults in a falling impedance initially, so that when power 
b first applied, the operating point moves towards the 
lef thand skie of the diagram in Figure 9. Consequently, 

IS there b a well-defined equilibrium point defined by the 
reductton in impedance with increasing power supply 
voltage, and the consequent reductkxi in delivered out- 
put power. However, when the saline medium or tissue 
ftukls in contact with the active electrode start to boil, 

20 small water vapour bubbles begin to fomn whtoh in- 
crease the impedance. When the generator b ^KHit to 
flip into the cutting mode, impedance rise due to steam 
formation is dominant The impedance change there- 
fore becomes positive with increasing supply voltage. 

zs and the operating ponl moves towards the righthand 
skle of (he diagram, whtoh altows greater input power 
as a result of the shape of the load curve, causing a 
rapkl change to cutting or vaporisatton riKxle. As steam 
formatton continues to increase, the increasing imped- 

30 ance causes a fall-off in delivered output power. 

The appltoants have found that the inherent equi- 
Dbria described above may be insufficient to maintain a 
stable coagulatkxi state or a stat>le cuttkig state. It b for 
thb reason, that the RF output voltage from the RF os- 

3S dilator 60 (Figure 5) b limited, the limiting occurring ex- 
tremely rapklly. typically with a response time of 20jis 
Of less. Excessive radto frequency interference is avoid- 
ed by linear variatton of the oscillator switching device 
•on* time In response to a feedback signal from the volt- 

40 age ihreshokf detector. Thb technkiue is used in con- 
junctnn with the RF oscillator having a comparatively 
tow output Q when matched to the load, this Q being 
sutftoient to suppress switching noise wHhout inordi- 
nately dampingthe response tooutput voltage threshoU 

4S detectton. 

By way of example, the effect of voltage threshokl 
control for a particular etoctrode configuration Is shown 
in Figure 1 0. The heavy lines 200. 202 indnale the mod- 
ified power/toad impedance characteristtos. For desb- 

50 catkxi. shown by line 200. the switched mode power 
supply b set to produce a peak (matched) open loop 
output power of between 75 watts and 110 watts, with 
the actual peak power in thb case being about 90 watts. 
For cutting and vaporisatton (shown by line 202). the 

ss peak power can be between 120 watts arKi 175 watts. 
In thb case it b about 1 50 watts. As examples, the volt- 
age threshokto are set at 180 volts peak for destocatton 
and 300 voAs peak for cutting, as Olustrated by the hy- 
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pefboOc constant voftaga fines 204 and 206 respective- 
ry. Ihe poweiAnpedanca cufves foOow the respective 
constant vollage threshold lines to the right ol their in- 
tBfsectkriwim the unmodified open loop cuives 208 and 
210. Thus, it wtD be understood that the desiccation 
threshold fine represents the maxinuxm vottaga that can 
be achieved in the desiccation mode before arcing is 
produced, whilst the cut threshold line Bmits the cutting 
or tissue vaporisaticn perfofmance to achieve the de- 
siredtissue effect and. in the extreme, to avoid etedrode 
bum-out The desiccation threshold fine also represents 
a voQage insufficient to achieve arcif^ for cutting or va- 
porising tissue. 

A significant feature of the generator characteristic 
for etectrosurgica! cutting or tissue vaporisaticn is that 
at peak power (matched impedance) the load imped- 
ance Bee between the impedances corresponding to the 
threshold voltages at that power level In contiast. in the 
desiccation mode, the power/load onpedance chaiac- 
teristic has a power peak at an impedlance lying betow 
the desiccation threshold line at that power level 

In practice, the output power in the desiccation 
mode wiS be higher than in the cutting or tissue vapori- 
sation mode. The reason tor this statement (despite the 
apparent contradiction with the loadcurves m Figure 1 0) 
is that the equiJbrium points descrbed above lie at dif- 
ferent points on the respective curves. To ensure cut- 
ting, the high peak power of the higher cun^e is required 
to reach the cut threshoM line (correspondmg to'300 
voits peak). The cutting mode then (oltows the cutting 
or vaporisatkxi threshoU line. The cutting operating 
point is defir\ed by the toad impedance created when a 
suitable level of arcing is occuning. Typk:alty. the toad, 
impedance in these circumstances is greater than 1000 
ohms. Thus, although a fun 150 watt peak power is avail- 
able to ensure that vapour pockets are formed to pro- 
mote arcing for cuttkig, the actual power drawn during 
cutting or tissue vaporisation for this partfcular electrode 
example may be between 30 watts and 40 watts. This 
situatton is more easily understood i reference is also 
made to Figure 3. 

In the desiccation mode, ttw operating point is de- 
temwted by the positive power coefficient of impedance 
arising f rem steam generation. Consequently* ttie equt- 
laxium naturally occurs m the regkm of the peak of tiie 
desccatfan mode powecncod impedance cunre. 

Blended modes can be used by oonslanlly aftemat- 
ing between deskxation and cut states or by altering ttie 
position of the ttveshokls. 



Claims 

1. An electrosurgieal generator for supplying ladto fre- 
quency power to an electrical instnanent. the gen- 
erator comprising a fadao frequency output stage 
having at least a pair of electrosurgksl output con- 
nectkxra for the defiveiy ol ladto frequency power 



to the instrument, a power supply coupled to the 
output stage fcir supplying power to the output 
stage, and control dicuitry including sensing means 
for deriving a sensing signal representative ol ttie 

5 radio frequency peak output voltage devetoped 
across the output cortnectiorts. wherein the output 
stage comprises a resonant output circuit coupled 
to tiie output connections and a switching device 
coupled to the resonant output drcuit. and wherein 

10 itte control circuitry is operable to actuate the 
switching devfce to reduce the delivered radio fre- 
quency power. 

2. A generator according to claim 1. wherein the 
w swftching device is corrected between the reso- 
nant output circuit and one of a pair of supply rails 
of the power supply means, and oonnectod so as 
to switch currant repeatedly titrough the resonant 
output drcuit at its resonant frequency, and wherein 

so the control circuitry is so arrartged end coupled to 
the switching device as to reduce the *on* time of 
the switching device durng incfividual radto fre- 
quency switching cycles suffciently rapidly to cause 
a-S0% reductnn.in delivered output power-wiUiin 

25 loOps Of the predetemnined threshold having been 
reached. 

3. A generator according to claim 1 or claim 2, wherein 
the switchmg devk» is a power osciDalor devk» 

30 coupled to an oscillator feedback toop. 

4. A generator according to any of claims 1 to 3, 
wherein the control circuitry is arranged to reduce 
the defivered radto f requerxry power by at least 50% 

d5 in less than loops in respor^ to the output voltage 
■ reaching a predetemnined ttveshokl 

5. An electrosurgkal generator for supplying power to 
an electrosurgk»l Instrument, the generator com- 

40 prising a radio frequency output stage inckiding a 
racfio frequency power devtoe and having at least a 
pair of electrosurglcal output cormections for deSv- 
ery of racBo frequency power to the irtstrument. a 
power supply coupled to the output stage, and con- 

4S trol circuitry including sensing means for deriving a 
sensing signal representative of the toed imped- 
ance across the'output connections, the oontrol cir- 
cuSry having a first output coupled to the power de- 
vce to reduce ttie racfiofrequerv:y duty cycle there- 

so of arxJ a second output coupled to the power supply 
to effect a reduction in the average power supply 
voltage suppfed to the output stage, ttie said reduc- 
tions occurring in response to the sensing signal 
reaching a predetermined threshokf value. 

ss 

& A generator according to claim 5. wherein the con- 
trol circuitry has means including a ramp generator 
operable to cause a first control signal applied via 
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the first output to the power device initially to reduce 
the said duty cyde to cause at l6asta5G% reduction 
In the power delivered via the output cortnections 
and then progressively to increase the duty cyde at 
a less rapid rate until the sensing signal once again 
reaches the threshold value, and to cause a second 
control signal applied to the power supply via the 
second output to reduce the average power supply 
voltage lor at least a minimum predetermined time 
intenral the duration of which is several times great- 
er than the duration of a single power device duty 
cycle reduction and progressive incroase se- 
quence. 

7. An etectrosurgical system including a generator lor 
generating radio frequency power and an electro- 
surgical instrument having at least one electrode for 
use immersed in a conductive liquid, wherein the 
generator comprises an output stage irtctuding a ra- 
dio frequency power device and at least a pair of 
output connections arranged to receive radio fre- 
quency power from the power device, one o( the 
pair ol connections beirig connected to the said 
electrode, and wherein the ger>erator further com* 
prises a control stage operable to reduce the con- 
duction time of the power device during individual 
radio frequency cycles in response to a sensvig sig- 
nal representative of the peak output voltage across 
the output connections exceeding a predetermined 
sensing signal threshold value, whereby the radio 
frequency power delivered to the electrode stnic- 
ture is rapidly reduced when the conductive liquid 
is vaporised. 



cuil coupled between the power device ar>d the out- 
put connections, and having a resonant frequency 
corresponding to the frequency ol operation ol the 
generator. 

s 

11. An elecuosurglcal system operable in at least a tis- 
sue desiccation nxxJe and a tissue cutting or vapor- 
isation mode comprising a generator for generating 
radio frequency power and an electrosurgical in- 

le strument coupled to the generator, the instnjment 
having an electrode stnicture for operation im- 
. mersed in a conductive liquid, wherein the genera- 
tor includes a mode selection control and has power 
control circuitry tor auton>atically adjusting the radio 

IS frequency power suppled to the elecuode structure 
to limB the peak generator output voltage to a first 
value when the desiccation mode is selected and 
to at least one second value when the cutting or va- 
porisation mode is selected, the second value or 

20 values being tilgher than the first value. 

12. A system according to claim 11, wherein the first 
and second values are h the ranges of from 150V 
to 200V and from 250V to 600V respectively, the 

ss voltages being peak voltages. 

13. A method of operating an electrosurgical system 
having at least a tissue desiccation nrKxJe and a tis- 
sue cutting or vaporisatfon mode, the system hav- 

30 mg a radio frequency power generator coupled to 
an electrode assemtiy having an electrode for op- 
eration *n a conductive lk|ukf. wherein the method 
comprses: 



8. A system according to claim 7. wherein the elec- 35 
trade structure Includes a projecting treatment elec- 
trode and a fiquid contact electrode spaced from the 
treatment electrode, both electrodes being for use 
surrounded by the conductive liquid and each being 
connected to a respective one of the pair of output ^ 
connections, the control stage being operable to re- 
duce the conductkxi tinne of the power devk» w^n 
the conductive liqukl at the treatment electrode is 
vaporised thereby to cause the collapse of vapour 
bubbles at the treatment electrode arid a decrease ^ 
in the electrical ioati impedance. 

9. A system accordirtg to clasn 8, wherein the electro- 
surgical instmment has an electrode stnxiure hav- 
ing juxtaposed first and second electrodes for im- so 
mefskn in a conductive liquk], the first and second 
electrodes respectively forming a tissue contact 
electrode at an extreme distal end o( the instmment 
and a return electrode proKimally spaced from the 
tissue contact electrode. 

ia A system according to claim 8 or claim 9. wherein 
the generator output stage includes a resonant dr- 



selectrig one of the said modes; 
when the desiccation mode is selected, auto- 
malicany adjusting the radio frequency power 
suppled to the electrode assembly to maintain 
the conductive liquW accent the etodiode at 
its boaing point lor tissue deslccattan without 
creating a vapour pocket surrounding the elec- 
trode; and 

when the cutting or vaporisation mode is select- 
ed, automatically adjusting the radio frequency 
power supplied to the electiode to maintain a 
vapour pocket sunoundNig the electrode. 

14. Amethodaccordlngtocla*fn13.whereln,inthecut- 
ting or vaporisatton mode, the radk> frequency pow- 
er supplied to the electrode is automatically limited 
to prevent oveiheating of the electrode. 

15. Amethodaccordingtoclaim 14. wherein the radio 
frequency power supplied to the electrode is auto- 
matically adSusted by Bmlllng the output voltage ap- 
pKedtothe electrode to predetermined first andsee- 
ond voltage values, the firat vonage vahie being 
used in the desiccation mode, and the second von- 
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age value, which is higher than the first voltage val* 
ue, being used n the cutlirtg or vaporisation rnode. 

1& A method aooorcfing to cl^m 15. wrherein the first 
ar>d second voRage values are bi the ranges o( from 
150V to 200V and from 250V to 600V rsspectivelyL 
the voltages being peak voltages. 

17. A method of operating an etectrosurgical system 
which has a generator coupled to an electrode as- 
sembly having an electrode for operation in a con- 
ductive Squid, wherein the method comprises ap- 
plying r^io f requefK:y power to the electrode, man- 
itoring an electrical signal related to the load imped- 
ance presented to the generator, and reducing the 
applied power when the said signal reaches a pre- 
determined threshold value associated with an in- 
creased load impedance, whereliy only eufficient 
radio frequency power is appSed to the electrode to 
maintain the liquid ad^acont the electrode at its boil- 
ing point (or tissue desiccation without creating a 
vapour pocket surrounding the electrode. 



generator oompristng a radio frequency output 
stage having at least a pair of etectrosurgical output 
connections (or the deBveiy of ladk) frequency pow- 
er to the instalment, means coupled to the output 

s stage for supplying power to the output stage, and 
corttrol circuitry includir>g sensing means lor deriv- 
ing a sensing signal representative of the radio fre- 
quency output voltage developed across the output 
connections and means resportsive to the sensing 

to signal for causing a reduction in delivered output 
power independently of supply voQage or in adcfitkyi 
to supply voltage redudnn when the sensing signal 
is incficative of a predetemtined threshokt having 
been reached. 

IS 

24. A generator according to claim 23. wherein the 
means for causng a reductksn in deGvered output 
power is operable to causa at least a 50% reduction 
in delivered output power when the sensing signal 
so is indicative of the sakJ threshold having been 
reached, the saki reductton being effected within a 
period of 20^8 or less. 



18. A method according to claim i 7. wherein the mon- 
itored electrk^al signal is the peak output vollage ap- 
plied to the electrode. 

19. A method according todaim 17 or claim 18, wherein 
the appOed power Is reduced by at least 50% within 
lOOps of the peak output voltage exceeding the pre- 
determined threshold. 

20. A method according to any of claims 17 to 19, 
wherein the applied power is reduced by reducing 
the conductkm period of a radto frequency output 
power devfee of the generator during individual ra- 
dio frequency cycles. 

21. A method accordir>g to claim 20. further including 
reducing the supply voltage suppQed to the output 
power devce simultaneousty with the said reduc- 
tton In the conduction period, artd then progressive- 
ly increasing the conduction period at a rate which 
is less than the rate at whwh the conductkxi period 
is reduced. 

22. A method aocoRfing u> daon 20, wherein the gen- 
erator has a switched wo6e power supply and the 
supply voliage reductkm is achieved by disablirtg 
the output of a supply current switdiing device of 
the power supply for a wftole number n of the power 
supply switching cycles, where n is greater than or 
eqpnl to 1 . unti the saU monftored electrical signal 
no longer reaches the predetenntned threshokl val- 
ue. 

29. An electrosurgk:al generator for supplying rado fre- 
quency power to an etectrosurgical instrunieht, the 



25. A generator according to claim 24, wherein the re- 
25 sponse time of the control ctrcuilry and the means 
coupled to the output stage to the radk> frequency 
output voltage reaching 0te predeterrrmed thresh- 
oU is I00.|jsorless. 

w 26. A generator accorcfing to any of claims 23 to 25. 
w«ierein the means for causing a redudbn in output 
power include a first control line coupled to the radto 
frequency output stage for feeding a first power re- 
duction control signal to the said stage. 

3S 

27. A generator according to claim 25 and claim 26, 
wherein the output stage includes at leasl one radio 
frequency power device and wherein the control cir- 
cuitry is arrartged such thai the at least 50% reduc- 
40 lion in output power is effected by reducing the per 
rkxl g4 conductton of the devk:e during tndivkJual cy- 
cles of radb frequency osctBatkm independently of 
the supply vottage to the device. 

^ 281 A generator accorcfing to dalm 26 or daim 27, 
wherein the means (or causing a reduction in output 
power further include a second control line coupled 
to the power supply means, the control drcuitry be- 
ing arranged such that a second power reductton 

so signal is fed to the power supply means to effect a 
reductkn in the average power supply voltage sup- 
piled to the output stage. 

29. A generator according lo daim 27, wherein the 
£5 means (or causing a redudkm in output power fur- 
ther include a second control line coupled to the 
power supply means, the control circuitry t>elng ar- 
ranged such that a second power reductnn signal 
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is ted to the power supply means to effect a reduc- 
tion in the average power supply voltage si^ied 
to the output stage, and wherein the power supply 
rneans coiTiprises a switched rnoda power supply 
circuit with output smoothing oomponents, and 
wherein the supply circuit is arranged such that the 
second power reduction control signal has the effect 
of disabling the supply circuit. 

30. A generator according to claim 27, \Mherein the con- 
trol circuKry is operable repeatedly to effect a lapid 
reduction in the cycle by cycle conduction period of 
the power device from a peak level to a trough level 
followed by a less rapid progressive increase in the 
conduction period until the conduction period again 
reaches its peak level, the rapid reduction and pro- 
gressive increase sequence being repealed until 
the said peali conduction period level can be 
reached without the output voltage exceeding the 
sakj predetermined threshokl. 

31 . A generator according to claim 30. wherein ffte con- 
trol circurtry and the power supply means aie ar- 
ranged such that the power supply circuit is enabled 
<^en the saU peak oorKluction period has been 
maintained for a predeiermined time. 

32. A generator according to claim 31 , wherein the con- 
trol circuitry and the power supply, mearts. are ar- 
ranged such that the power supply circuit is disa- 
bled until the end of a switched mode swttching cy- 
cle in which the output vottege has not reached the 
saki predetermined threshokl lor the wliole of the 
switching cycle. 

33. A generator according to any of clainns 23 to 32. 
wherein the output stage has at least one rad» fre- 
quency power switching device and frequency se- 
lective connponents w^lch in combination with the 
switching device are operable to produce an output 
voltage wavefomi having a crest factor less than or 
equal to 1.7. 



mode of the generator the output voltage is Smited 
to a higher, second said predetermined voltage 
ihreshokL 

s 37. A generator according to claim 36, wherein the out- 
put stage has a power/toad impedance character* 
istc whk^h. for a cor)stant average supply voltage, 
hasapeak lying on the tow impedance sMe of a One 
representative of the second predetermined von- 

10 age threshold. 

38. A generator according to claim 37. wherein, in the 
cut or tissue vaporisatton mode, the said generator 
power/k>ad impedance characterisik: lies between 

1^ the Ihe representative of a the secorKi predeter- 
mined voltage threshoM and a line representative 
of the first predetermined voltage threshold, and 
wherein in the ooagulation mode the sakf charac- 
teristic has a peak which Ues on the tow impedance 

^ sUe of the line representative of the saU first volt- 
age threshoM. 

39. A generator according to any of claims 23 to 38, 
wherein the sensing means are coupled between 

^ the sakI output oonnecttons. 

40. A generator according to claim 39. wherein the 
serving means include a transformer having a pr'h 
mary winding coupled across one element of a po- 

30 tential divMer connected across the said output 
'Connections. 

41. A generator according to any of claims 23 to 40. 
having an output stage operable continuously In 

3S open toop configuratton, and having an output inh 
pedance in the range of from 50 ohms to 250 ohms, 
and preferably between 1 30 and 1 90 ohms. 
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34. A generator according to any of claims 23 to 33. 
wherein the sensing signal is representative of a ^ 
peak output voltage. 

35. A generator according to any of daims 23 to 34, 
wherein, at feast in a desiccatton mode of the gen- 
erator, the saM predetermined threshokJ is in the so 
range of 150V to 200V peak and is set independ- 
ently of the supply voltage. 

36. A generator according to any of claims 23 to 35. 
wherein the oonliol circuitry is arranged such that ss 
in a coagulation mode of the generator the output 
voltBge is limited to a first aaki predetermined volt- 
age threshoU, and in a cut or tissue vaporisation 
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(54) An electroaurgical generator and system 

(57) An elodrosurgical system including an elec- ■ 
' trode assembly having two electrodes for use immersed 
in an electrically conductive fluid has a generator with 
control drcuitfy lor rapidly reducing the delivered racfio 
frequency output power by at least 50% within approx- 
imately 100ms, corresponding to the time needed for a 
few cycles of the peak ladte frequency output voltage to 
reach a pre determined threshold limit. In this wayi tis- 
sue coagulatton can be performed in. for example, sa- 
line without significant steam generatton. 

The same peak voltage Omllattan technkfue Is used 



h a tissue vaporizatkm or cutting mode to limit the size 
of the steam pocket at the electrodes and to avoid elec- 
trode burning. 

The output power reduction is abtakied by 'on time 
control' (70) by producing a signal synchronous with the 
RF oscillator, thereby reducing progresseively the 'con- 
duction state' of the gale (BO) whch connects the power 
supply with the oscillator. Switch mode power supply 
(66) can itself vary Bs output vottage as a f unctkm of 
signal (66) from the controller (72), the speed of varla- 
tton however win be much skwer than the one produced 

by 'ON" time control mechanism. 
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LACK OP UNITY OF INVEKHON 



The Search Division consktefs thai the present European patent appficalion does not 
comply with the requirement of unity o1 invention and relates to several inventions, 
name^ 

1. Ctalnis1-4: 

Generator sensing peak output voltage, with swlcWng device to reduce power 

2. Claims 5-6.17-22: 

Generator sensbig Impedance and reducing duty cycle 

3. Claims 7-10: 

Generator sensing pealc output voltage to reduce conduction time 

4. Claims 1M2.13-16: 

Generator having two levels of output pealc or output voltage as a function of 
two operational modes 

5. Ctaims 23-41: 

Generator having reduction of power independently or in addition to supply 
voltage reduction 
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